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Summary
The investigation included fermented sausages produced in the countries of west and
south-east Europe, Greece, Bosnia and Herzegovina, Croatia, Hungary, Italy and Serbia.
The sausages were produced in local meat industries in a traditional way without the use
of starter cultures. Samples were collected from three production batches on day 0 and
again after 2, 4, 7, 14 and 28 days. Microbiological analyses included the principal ingre-
dients (meat, fat tissue), casings and additives (sugar, mixture of spices, salt), and the
finished products. From all three production batches of fermented sausages from each in-
dividual country, 150 strains of lactic acid bacteria and 150 strains of coagulase-negative
cocci were isolated. Biochemical characteristics of the isolated microorganisms were deter-
mined by API system (bioMérieux), i.e. by API 50 CHL and API® Staph. Identification of
all strains was made using the computer program APILAB Plus. From the hygienic stand-
point, it is highly important that Listeria monocytogenes, Salmonella spp. and Staphylococcus
aureus were not found in the finished product. During all stages of investigation, lacto-
bacilli and staphylococci prevailed.
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Introduction
Fermented sausages have a long tradition of produc-
tion in certain regions of the world. In the production of
fermented sausages, meat processors generally use starter
cultures. One of their roles is to stabilise meat fermen-
tation and to ensure its safety. Although their use is re-
commended and they have advantages over traditional
microflora, the final product can have poor aroma and
taste. Lactic acid bacteria (LAB) represent a significant
part of the naturally fermented sausage microflora. The
presence of Lactobacillus plantarum, Lactobacillus curvatus,
Lactobacillus sakei as well as Pediococcus spp. and Leuco-
nostoc spp. in fermented sausages has often been reported
(1–3). From traditional sausages coagulase-negative cocci
(CNC) are mainly represented by Staphylococcus spp., but
Kocuria spp. can also be isolated (4-8).
For two years, research has been conducted under
the EU sponsorship (FP5 'Safety of traditional fermented
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sausages: Research on protective cultures and bacterio-
cins') in the countries of west and south-east Europe
(Greece, Bosnia and Herzegovina, Croatia, Hungary, Italy,
and Serbia). The first phase of research included the iso-
lation of pathogenic bacteria and the identification of LAB
and CNC from the natural microflora of dry sausages
during various stages of maturation.
Material and Methods
The dry sausages were produced in local meat in-
dustries in a traditional way without the use of starter
cultures. Their composition is presented in Table 1. Mat-
uration parameters differed and were characteristic of
the mode of production of traditional sausages in each
member country of the research team (9). The sausages
were considered ready for consumption on the 28th day.
Samples were collected from three production batches
on day 0 and after 2, 4, 7, 14 and 28 days of ripening.
Every sampling day, three sausages were transported to
the laboratory and subjected to microbiological analysis
that included the raw material (meat, fat tissue), casings
and additives (sugar, mixture of spices, salt), and finish-
ed products. Physicochemical parameters of sausages were
also monitored (pH, moisture, salt) according to AOAC
(10). Changes in physicochemical characteristics during
fermentation and ripening of sausages are presented in
Table 2. Through all fermentation processes, the values
of pH decreased during the first 7 days, and then they
increased to 4.7–5.7, the value of the final product. This
is explained by considering the classical trend of micro-
bial growth in fermented sausages, where the number of
LAB increases at the very beginning of the fermentation.
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w(ingredients)/% w(ingredients)/% w(ingredients)/% w(ingredients)/% m(ingredients)/kg m(ingredients)/kg
Pork meat 35 Beef meat 96 Pork meat 60 Pork meat 63.5 Pork meat 60 Pork meat 70











Pork back fat 30 Black ground
pepper
0.2 Pork back fat 24 Salt 2.3 Salt (NaCl) 2.5 Salt with
0.6 % NaNO2
2.6
Salt 2.5 Garlic 1.0 Salt with
0.5 % NaNO2
2.5 Sugars 0.1 Sugars 1.5 Fresh
garlic
0.8
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Table 2. Changes in physicochemical characteristics during fermentation and ripening of sausages
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Table 2. – continued













































































































































































































































































LAB produce acids and determine a decrease in the pH,
followed, in the phases of maturation, by the activity of
micro- and staphylococci that are able to neutralise the
produced acid. The aw decreased gradually during rip-
ening, reaching values of 0.80-0.92, but with different
moisture percentage depending on the composition of
sausages. Sodium chloride was added to reach a value
of 1.5 to 2.5 %, which further increased because of dehy-
dration process during ripening. Both nitrates and nitri-
tes were characterised by a decrease in the concentration
during ripening and the final values were about 10 and
8 ppm, respectively.
Analyses of raw material and intermediate samples
were done as follows: (i) total viable count (gelysate
agar, Oxoid, or 0.8 % bacteriological peptone+agar, incu-
bation: 48 h at 30 °C), (ii) LAB (MRS agar overlaid with
5 mL of the same medium, incubation: 48 h at 30 °C),
(iii) CNC (mannitol salt agar (MSA), incubation: 48 h at
30 °C), (iv) enterobacteria – Escherichia coli (E. coli ID
(bioMérieux) overlaid with 5 mL of the same medium, in-
cubation: 48 h at 37 °C), (v) faecal enterococcus (kanamy-
cin aesculin azide agar, incubation: 48 h at 37 °C), (vi)
Staphylococcus aureus (Baird Parker agar, incubation: 48 h
at 37 °C), (vii) yeasts and moulds (malt extract agar+tet-
racycline 1 mg/mL, incubation: 48 h at 25 °C), (viii) Salmo-
nella spp. (25 g of sample in 225 mL of buffered peptone
water for 24 h at 37 °C and 10 mL in 100 mL of selenite
cystine broth and incubation for 48 h at 37 oC. Streaking
on Brilliant Green Phenol Red for 24 h at 37 °C) and
xylose lysine desoxycholate (XLD) agar for 18–48 h at 37
°C), (ix) Listeria monocytogenes (25 g of sample in 225 mL
of Fraser broth for 24 h at 30 °C and then streaking on
Oxford agar and incubation for 48 h at 37 °C, 1 mL of
pre-enriched sample in 10 mL of Fraser broth for 48 h at
37 °C and then streaking on Oxford agar and incubation
for 48 h at 37 °C. Confirmation with CAMP test and
blood agar), (x) Pseudomonas (cetrimide agar; incubation:
48 h at 25 °C), (xi) aerobic sporeformers (pasteurisation
of 10–1 dilution at 80 °C for 10 min and then pouring of
plate with plate count agar, incubation: 48 h at 30 °C),
(xii) sulphite reducing clostridia (SPS agar, incubation: 72
h at 37 °C and if present, incubation for another 5 days).
A total of 150 (50 per batch) isolates of LAB were
collected from MRS agar plate at each sampling day.
Gram-positive and catalase-negative strains were further
characterised. Biochemical characteristics of the isolated
microorganisms were determined by API system API 50
CHL (bioMérieux). Identification of all strains was made
using the computer program APILAB Plus. Moreover, a
total of 150 (50 per batch) CNC isolates were collected
from MSA agar plate at each sampling day. The isolates
were rapidly checked for cell morphology by phase con-
trast microscopy, Gram reaction and catalase production.
Gram-positive and catalase-positive cocci were further
characterised. The strains were tested with the API®
Staph (bioMérieux) and the computer program APILAB
Plus performed the identification.
Results and Discussion
In Table 3 the results of total viable count, the count
of LAB and CNC of the raw material (meat), and total
viable count of spices and natural casings are presented.
As it can be seen, the number of LAB in the pork and
beef was low in the case of Greek and Croatian sausages
(1.93 log CFU/g or they were not isolated), but in others
it was 4–5 log CFU/g. In the raw meat of Croatian sau-
sages, CNC were not found and their number was low
in the raw pork of Greek, Hungarian and Italian sausa-
ges (<100 CFU/g). Total viable count in meat was up to
4 log CFU/g. The high total viable count was observed
in mixed spices and garlic, as well as in the natural cas-
ings (up to 6.0 log CFU/g in some cases).
The results of the microbiological analyses of fer-
mented sausages made in all countries showed that LAB
constituted the major microflora of the sausages (Table
4). The initial population of LAB was in most cases low
since no starter cultures were added. Because of the adap-
tation of LAB to meat environment, they grew fast and
became the dominant microflora. The number of CNC
differed from country to country and in some cases their
count was low at the end of the ripening (Hungary, Croa-
tia, Greece).
In the traditional fermented sausages, the other bac-
teria were also determined. In Greek sausages Pseudomo-
nas had higher initial counts, probably due to the pork
back fat used, and their microbial counts exceeded 5 log
CFU/g. Enterobacterium E. coli population was lower
than 3 log CFU/g after stuffing. Pseudomonas and ente-
robacterium E. coli were progressively eliminated re-
gardless of their initial population. The low numbers of
aerobic sporeformers (<3 log CFU/g) did not increase
further; on the contrary, they were reduced during rip-
ening and remained below 2 log CFU/g. The number of
yeasts decreased during fermentation. Enterococci in-
creased during early fermentation and remained at a
level of 4–5 log CFU/g until the end of the entire pro-
cess. Pathogenic staphylococci and sulphite-reducing
clostridia were not detected. All samples were free of
Salmonella. The greatest concern associated with sausage
safety was the initial presence of Listeria spp. in all sam-
ples examined, but it should be pointed out that Listeria
were reduced by the end of fermentation, and were nev-
er detected in the final product. The initial presence of
Listeria spp. was probably due to the used raw material
(pork meat and pork back fat) in which Listeria were
present in all tested samples. This indicates the impor-
tance of selecting raw materials of good microbiological
quality for dry sausage manufacture.
In Bosnian sudzuk, a relatively high initial count (5
log CFU/g) of aerobic sporeformers originated probably
from garlic and black pepper, but their number decreas-
ed successively during the fermentation and ripening pro-
cesses (below 2.5 log CFU/g). The same was observed
with the population of enterococci (2 log CFU/g at the
end of the ripening), yeast and moulds. Pseudomonas
spp., Salmonella spp., Listeria spp. and sulphite-reducing
clostridia were not detected in any samples of raw ma-
terial or sausages examined during the process of pro-
duction, fermentation and ripening.
In the traditional Croatian sausages, yeasts were iso-
lated at the beginning of fermentation, and their number
decreased, so that on day 28 there were no yeasts de-
tected. Their higher number at the beginning was pro-
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Table 4. Microbial growth* (log (CFU/g)±SD) of the naturally fermented sausages













































































































































































































































































bably due to the meat and pork back fat used, which
had counts of 3 log CFU/g and higher, as well as to the
spices and natural casings. Pathogenic staphylococci de-
tected in the meat (<2 log CFU/g) were absent on day 7
of fermentation. The numbers of aerobic sporeformers
were low (<2 log CFU/g in the sugar and in the spices).
Pseudomonas spp. was found in meat, but it was not de-
tected in the sausages. Enterococci and sulphite-reduc-
ing clostridia were not found in the raw material or in
the sausages. All samples were free of Salmonella and
Listeria spp.
In the Hungarian sausages, the number of entero-
cocci increased during fermentation and reached relati-
vely high counts at the end of ripening (4–6 log CFU/g).
The population of enterobacterium E. coli decreased con-
tinuously during fermentation and was eliminated at the
end of ripening, so was the population of yeasts. Pseudo-
monas spp., Salmonella spp., Listeria spp., pathogenic sta-
phylococci and sulphite-reducing clostridia were not de-
tected.
As regards the Italian Friuli sausages, Staphylococcus
aureus, Listeria monocytogenes and Salmonella spp. were
always absent from the raw meat. Faecal enterococci and
enterobacteria present at the beginning decreased dur-
ing ripening. The number of yeasts and moulds decreas-
ed and in some cases were not detectable. Neither Pseudo-
monas spp. was present after 3 days of fermentation.
In Sremska sausages, enterococci were detected in
all three batches. Yeasts were present in all three batches
until day 7. Yeasts most probably originated from papri-
ka and minced garlic. All samples were free of patho-
genic staphylococci and Salmonella spp.
The most important fact is that L. monocytogenes, Sal-
monella spp. and S. aureus were not found in the finished
product. The number of other microorganisms, if present
in the raw material or sausage stuffing, decreased dur-
ing the course of fermentation.
The results of biochemical identification of LAB are
presented in Table 5. A total of 150 strains were isolated
from the MRS agar plates. The isolates having thick, short,
straight or curved rod- or coccoid rod-shaped cells were
regarded as belonging to the genus Lactobacillus. The re-
sults of identification of LAB from sausages indicated that
lactobacilli were by far the most prevalent microorganisms
isolated from MRS agar plates.
The results of identification of LAB from Greek tra-
ditional sausages (Table 5) showed that the majority of
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Table 4. – continued











































































































































the strains isolated from the batches belonged to the
species Lactobacillus plantarum biotype 1 (43.3 %). The same
species was found in sudzuk (40.7 %) and in Croatian
traditional sausages (34.0 %). In Hungarian traditional
sausages the most frequently isolated strain was Lacto-
bacillus sakei (28.7 %), while Lactococcus lactis was the main
species found in Italian sausages. Lactobacillus fermentum
was the predominant microorganism (24.0 %) in Srem-
ska sausages.
The results of investigation are very close to the data
reported by other authors, who also pointed out that lac-
tic acid bacteria constitute a significant part of the mi-
croflora in pork in which Lactobacillus plantarum, L. brevis
and L. viridescens prevail. Leuconostoc spp. and Pediococ-
cus spp. can also be isolated from sausages (11). Results
could be compared with the results of the authors who
isolated lactobacilli (90 %), enterococci (4 %), and Pedio-
coccus spp. (3 %) from dry, naturally fermented sausages,
and also found sporadic isolates of Weissella viridescens,
Leuconostoc pseudomesenteroides, and Leuconostoc sp. (12).
In the Turkish-style dry fermented sausages the domi-
nant strains were Lactobacillus sakei, L. curvatus and L.
plantarum, as well as L. alimentarius and L. brevis (13).
The presence of L. plantarum, L. curvatus and L. sakei as
well as of Pediococcus spp. and Leuconostoc spp. in fer-
mented sausages has been reported (1–4,6,14). Lactoba-
cilli (L. rhamnosus LC-705 and L. plantarum E-98098) as
well as Pediococcus pentosaceus E-98098 are considered to
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Table 5. Biochemical characterisation of lactic acid bacteria isolated from naturally fermented sausages
No. of isolates at each
stage of process (days)*
0 2 4 7 14 28
No. of isolates (%) Identification
(API 50 CHL)
Greece
13 5 3 1 19 24
6 2 1 3 3 1
2 3 2 1 4 4
0 0 2 0 2 1
1 2 1 2 0 0
1 0 0 1 0 0
1 0 0 0 0 0
1 3 1 1 2 5
3 1 1 1 2 0
1 0 0 0 0 0
4 2 0 0 0 0
5 1 0 1 2 1



















L. paracasei ssp. paracasei biotype 1
L. salivarius
L. brevis biotype 1
Ln. mesenteroides ssp. mesenteroides biotype 2
Ln. mesenteroides ssp. mesenteroides biotype 1
Ln. lactis
Lc. lactis ssp. lactis biotype 1
E. faecium
Bosnia and Herzegovina
14 8 4 3 18 14
3 2 1 1 10 10
9 3 2 1 4 6
1 1 0 2 4 5
8 2 1 0 0 0
6 1 0 0 0 0
2 1 0 2 0 0













L. brevis biotype 1




2 4 5 9 11 20
0 4 6 5 3 9
0 0 1 2 2 5
2 1 2 0 1 2
0 1 0 2 1 2
4 3 12 4 4 4
1 0 2 3 2 0
2 1 0 0 0 0
0 0 0 0 1 0











L. plantarum biotype 1
L. curvatus
L. pentosus
L. plantarum biotype 2
L. fermentum
L. brevis biotype 1
Ln. mesenteroides ssp. mesenteroides biotype 2
Lc. lactis ssp. lactis
Ln. mesenteroides ssp. mesenteroides biotype 1
Pediococcus pentosaceus
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Table 5. – continued
No. of isolates at each
stage of process (days)*
0 2 4 7 14 28
No. of isolates (%) Identification
(API 50 CHL)
Hungary
4 5 0 3 12 7
0 1 1 0 0 3
0 0 1 1 1 2
1 0 1 2 0 0
0 0 2 1 1 2
0 0 1 1 1 0
0 0 0 0 0 3
0 1 0 0 0 0
0 0 0 0 0 0
1 0 0 0 0 0
0 1 0 0 0 0
8 4 1 2 4 4
2 2 3 0 0 0
0 1 0 2 0 4
2 0 1 0 0 0
1 0 1 0 0 0
1 0 0 0 0 0
0 0 1 0 0 0
0 1 0 0 0 0
0 0 0 0 0 0












































0 0 0 6 3 12
1 3 0 2 3 3
7 0 0 0 2 0
3 8 1 0 1 4
0 0 0 0 0 2
3 6 3 7 16 4
0 1 0 0 0 0
0 0 0 1 0 0
2 1 0 1 1 1
1 0 1 0 0 5
0 1 0 2 0 0
0 0 1 0 2 1




























5 4 6 9 9 3
3 5 3 0 0 0
4 5 5 0 0 0
9 0 0 0 0 0
4 2 4 2 2 0
2 0 0 0 0 2
3 3 1 1 2 0
0 0 0 0 4 3
0 0 1 2 2 2
1 0 0 0 0 0
1 0 0 0 0 0
1 1 1 0 1 0
0 2 6 6 3 2
3 0 3 2 1 1




















L. delbrueckii ssp. delbrueckii
L. delbrueckii ssp. bulgaricus




L. paracasei ssp. paracasei
Ln. mesenteroides ssp. cremoris
Ln. mesenteroides ssp. mesenteroides
E. faecalis
E. faecium
*All batches (150 isolates)
have the ability to act as the main fermenting organisms
in the manufacturing process of dry sausages (15). In the
fermentation process of dry sausages, their count increas-
ed from 6.5–7.0 to 8.0–9.0 log CFU/g. It was also noticed
that the presence of these probiotic or protective strains,
as major organisms in the sausage after the fermentation
and ripening, is in connection with flavour profiles, sim-
ilar to that produced by the commercial meat starter cul-
ture and commercial dry sausage recipe (15). A total of
516 strains of lactic acid bacteria were isolated from
chorizo made in Castilla-Léon, Spain (16). Among the
isolated strains, 68.8 % were Lactobacillus sakei, 16.5 %
were L. curvatus, and 6.2 % belonged to the genus Pe-
diococcus.
From the naturally fermented sausages, CNC were
also isolated (Table 6). Staphylococcus saprophyticus was
the predominant species in Greek sausages (34.7 %), in
Bosnian sudzuk (30.7 %), and in the Sremska sausage
(21.2 %). Staphylococcus xylosus was the main species in
Croatian traditional sausages (29.2 %), in Hungarian fer-
mented sausages (43.0 %) as well as in Friuli sausages
(74.0 %).
Other authors also isolated the majority of the strains
isolated in our investigation from dry fermented sausages.
It was found that among staphylococci, S. saprophyticus
strains dominated the microflora of traditional Greek dry
salami, followed by S. xylosus (6). Isolated strains were
also identified as S. saprophyticus, S. xylosus and Staphylo-
coccus carnosus (8). According to the API® Staph system,
Staphylococcus caprae, S. capitis, S. aureus/intermedius, S.
sciuri and S. hominis were also identified, in addition to
sporadic isolations of S. auricularis, S. warneri, S. cohnii
ssp. cohnii, S. cohnii ssp. urealyticum and S. epidermidis.
Similar isolations from dry fermented sausages were
also reported (8,17,18). S. xylosus was pointed out as the
predominant species found in most dry fermented sau-
sages in some investigations (7,19). The strains of this
species are used as starter cultures, because of their con-
tribution to aroma and taste formation (20).
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Table 6. Biochemical characterisation of staphylococci isolated from naturally fermented sausages
No. of isolates at each
stage of process (days)
0 2 4 7 14 28
No. of isolates (%) Identification
(API® Staph)
Greece
3 5 8 11 14 11
2 2 4 3 8 3
0 2 5 4 5 1
9 5 1 2 0 0
0 0 0 6 2 4
5 3 1 0 0 0
2 1 4 1 0 0
2 2 1 0 0 0
1 0 0 1 0 1
0 0 0 1 0 0
0 0 0 1 0 0
0 1 0 0 0 0
0 0 0 0 0 1


























S. cohnii ssp. cohnii
S. cohnii ssp. urealyticum
S. epidermidis
Bosnia and Herzegovina
4 6 5 12 8 11
0 0 4 7 10 12
10 6 7 1 0 0
3 3 2 2 3 3
0 0 0 4 6 6
2 1 4 2 0 0
1 2 0 0 1 0
0 0 1 0 0 0




















0 0 0 0 10 11
0 0 0 0 8 10
0 0 0 0 9 9










From the hygienic standpoint, it is highly important
that Listeria monocytogenes, Salmonella spp. and Staphylo-
coccus aureus were not found in the finished products.
The number of other microorganisms, if present in the
raw material or sausage stuffing, decreased in the course
of fermentation. Enterobacteria, Escherichia coli and Pseu-
domonas, when present, were progressively eliminated, re-
gardless of their initial count. In certain cases, a stable
level of enterococci was detected in sausages (Greece, Bos-
nia and Hungary). During all stages of investigation,
LAB and CNC prevailed. These microorganisms are re-
sponsible for the formation of favourable organoleptic
properties during maturation of dry sausages. Among
the population of lactobacilli the strains of L. sakei and L.
curvatus prevailed. Most often, the isolated CNC belong-
ed to the genera Staphylococcus xylosus and Staphylococ-
cus saprophyticus.
API biochemical identification was used for identifi-
cation of isolates. Sugar fermentation profiles obtained
by API 50 CHL ranged from excellent to good identifica-
tion (ID>90-95 %). Several acceptable, doubtful or low
discrimination profiles (ID<80–85 %) were obtained after
reading the strips. The identification was performed on
the basis of additional tests requested by API 50 CHL. It
should be pointed out that API® Staph gave, in general,
very good results (ID>90–95 %), in some cases >99 % and
only in few cases the strains were not identified.
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No. of isolates at each
stage of process (days)
0 2 4 7 14 28
No. of isolates (%) Identification
(API® Staph)
Hungary
4 5 8 10 5 4
0 2 1 2 5 0
5 4 3 1 1 0
0 2 0 0 1 2
5 1 0 0 0 0
0 1 3 0 0 0
0 1 0 1 0 0
1 0 0 0 0 0
1 0 0 0 0 0
0 0 1 0 0 0
























2 3 0 0 0 0
1 0 0 0 0 0
3 1 0 0 2 3
2 2 2 0 0 0
3 2 0 0 2 4
5 11 17 17 27 34
0 0 1 1 0 0
0 0 0 0 1 0
3 2 1 0 2 3






















8 5 5 1 0 0
3 2 2 3 0 1
4 2 4 5 0 0
0 0 4 0 0 0
2 3 4 0 1 1
0 1 2 1 0 0
4 4 3 2 0 0
2 0 0 0 0 4
0 0 0 0 1 0













S. xylosus biotype 1
S. xylosus biotype 2
S. capitis
S. hominis biotype 1




Table 6. – continued
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